Mammals and birds appear to encode timing differences between the ears, a major cue for auditory localization, in fundamentally different ways. It now appears that results from different species can be accommodated within a single general framework.
The Jeffress Model: A Neural Mechanism for Localization
Over 50 years ago, Lloyd Jeffress [5] proposed what has become the textbook view of how the brain computes ITDs. He suggested that ITDs could be extracted using a set of binaural coincidence detectors that respond maximally when they receive synchronous excitatory input from each ear (Figure 1 ). The idea is that different coincidence detectors are tuned to different ITDs within the physiological range -the range determined by head size -and therefore to different horizontal directions. This ITD map can be achieved through a series of 'delay lines' produced, for example, by systematically varying the relative length of the axonal inputs to the coincidence detectors from each ear. The Jeffress model provides an alluringly simple description of how the brain calculates and represents ITDs, but remained largely hypothetical until the 1980s, when evidence was found for each aspect of the model in the nucleus laminaris of the barn owl [6, 7] , an accomplished auditory predator.
Calling the Model into Question
Although the Jeffress model has become dogma among many auditory neuroscientists, it does not readily explain all aspects of ITD processing. For instance, a uniform distribution of best ITDs would predict that ITD acuity is the same at all azimuths, and this is known not to be the case [3] . Furthermore, the coding principle described by Jeffress is actually unlike that found in most brain regions, including those containing maps, where information tends to be represented across a population of broadly tuned neurons with overlapping sensitivities [8] .
Early studies of the mammalian medial superior olive -the homologue of the owl's nucleus laminaris -provided support for the Jeffress model The authors determined the distribution of best IPDs that resulted in the lowest coding error within a population of 200 model neurons. Coding error was estimated by deriving the population's response variance using a traditional measure of coding accuracy, the Fisher information. Fisher information places emphasis on the slopes, rather than the peak, of the tuning curve, because these are the regions over which the firing rate changes most as a function of the stimulus value (in this case IPD). The optimal ITD coding strategy was determined in this fashion for four different species that differ in head size and in the range of sound frequencies over which phase information is available.
For the gerbil, an animal with a small head and an inability to extract IPDs above ~1,500 Hz, the model predicts two populations of IPD-sensitive neurons with peaks outside the physiological range. Not only does this result match single cell recording data from gerbils [14] and guinea pigs [13] , it also makes intuitive sense when considered in terms of the physical constraints imposed by head size and sound wavelength. The maximum IPD that can be experienced depends on the frequency of the sound and the size of the head (Figure 2A,B) . For an animal with a small head, low frequency sounds cannot produce large IPDs because the separation of the ears is too small relative to the wavelength of the sound.
At low frequencies, the width of the IPD tuning curve exceeds the physiological range ( Figure 2B Although the mechanisms of auditory localization in barn owls differ in several key ways from those found in mammals [18] , this modelling study demonstrates that the basic constraints and coding principles underlying the neural representation of ITD could be more conserved between species than previous results have suggested.
